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. Motivation from l{l~t,llrt: hl A SA M issions

●  G r o u n d  Contrc)l of S]);lct: 1 ‘l;~t i t)rn] S e r v i c i n g

- JI]l”J-]cT1, Tram-l ‘acijic ‘.I ‘c]( ~robol,ics

-- JI’1,-JSC Cross-(~ou]]ir!, ‘1’i’lcrobotics

-- !l’ask Lines and hflol ioJ1 (;~]i(]es

●  l~;arth-13ascd Gntrol of 1,011 {1,-1 )~lration l)lanctary

- Wcb 1 nterfacc for ‘.l’clcstitu I(:C (W J 1’S)

Lover Missions
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Ground control of S]I:~c(’ $~ii]tio~l rol)otics systmns

Ground control of u]ln]:i~lI 11(1(. I :i~)acc ])latfor~ll servicing

}’;arth-based cc)ntrol  (.)f’ l~]]IH ~ a l~d ])la~letary rover missions

Flarth-based cc)ntxo] of” ] )1:) ~ ]{ ‘till-y balloon lnissions

}’xc.
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G~*ound  Conl,rol oj” !S] )[~m 1 ‘latfor]n Servicing

Grounc] control will hc US(’(1 1’01 Il(!l(:lol){)ti(: servicing of both manned,
e . g .  Spa(:c S t a t i o n , and Illllllilllll(!d,  e.g. satcllit,  cs, space platforms.

Ground control systl(:ll~s 1) ~~]sl t)e \Tcry safe sillcc the space -based
systems tllcy will iljt(:~.:1(”~. nil} I a]x: very (x])(msiv(: to develop and
launch .

~’hc space-bascc] Sysll(!nl )[J1]sI bc v(:rcy flcxi}.)lc  t o  s a t i s f y  varic)us
servicing needs - a~ld :]~)otl~a] i(:s ill the s])acc-l)a,sec]  hardware .

‘_l’he ground-based syst(!])l: t I)llst l)e ca])al)le of utilizing the com-
])letm capability of tl](: s])a((!. ].): lwxl systems, l)l]t ensure safety.

Space Station roboti(: sysi  (:JIJS will l)c controllable from both the
ground and Spaco Statiol) :) l“(:hitlc(:tl)r(! alj(i simulation tools are
l]cwlcd which suppo14 {’,roll tl(l I.)as(xl assistance of Space Station
based opcrationo
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Telcrobotics Progra]I 1

E2”’JJ stllcly on IIltero])(?l’iltli  oll ‘J [I(.) tlJology for ]Jonq; Distance ‘Telcrobot

task :

●  hfla)~agc[] by ]~~~J ]]”ll!(!rll~lt )()~j;; 1 IksIxiJ’ch Cooperation Of%ce

●  l{hnded by AI ST’ l]li(~]]l;)~jo]~;il  lhwarch a]~(l 1 hwlopmcnt Coop-
eration 1 )ivisionj Sprciii(: 1 ~)i (!~~latiollal .Joillt l?cscarch Pro jec ts

—

. .
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● Jet

1+’um i c) Yasum oto

13 iroaki IJjiie
‘J’akashi Katsurag:~w:l

‘J’oshiyuki ltoko

Kenji Ogimoto

l’repulsion La?JoIL:it{)I):

1 ‘ad 1 ]ackcs

Stephen Peters

~.....--- ..- . . ———— /
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.1 l> L=-13Tl i ‘J)’a] ]s- 1 ‘aciiic  Tdcwbotics

An }~~’IJ-loca~d robotic  s’j S(CI 1~ was control led from JI’1, using the
Jl}J,-clcvcIoped LJnifi(s(l tl}}(:r:l~ or lnferfacc.

l“)cmonstratcd S]Xl(X! Stl”ll(’t 1,]]( d(:]]l(ynlcnt] and Orbital Rcplacc-
mcnt Unit installatic)l)  {(:]sl(. s.

An 1 S1 )N col~~~~~~~lli{::~tio] 1 1 iI II< was USCCI l.)ctwccn  ,1P], ancl ETL for
com]nands and. imag(fl ira] I Sj$cv ; tl]c (:olll~~lllllic:~tiolls capacity was
56 k-bps.

C;isco routers conncck(l t))(’ ISI. )N line and ‘J’C;I>/IP  was used as
the co1111111111icatio13 l)rot ()(:4)),

Control of the remcdc sysio J t :1 i IYI’1, was done usil)g the MEIST’ER
(Mode l  }Ilnhanccd l]lkl)i~!,[]ll ;~nd Skillful ‘1’[!lc~(,]~c,ratic)nal  Robot)
Systc!m.

When a command is scl(’(:t(’(i
latcd first. A command s1)(:[”
lJnificd Operator Intcrfa(:(!  :i~]
pan, tilt and zoom positiol) (:[

!fol {!xe(:ll~ ion, it is automatically sinlu-
lli~:s on]y the action of the r o b o t .  T h e
oln:)i,ically gcncratcs t,llc corresponding
~IIJ~Il:~n(]s for t,llc (:an]cra at F4TL, After

the viewing  and robot n]ol, i(}]) (01  I IInaII(is arc silnlllatcd, the  inter face
requests confirmation fro]]]  Iljt: 01 )(:rat, or h(:forc sending them to the
real camera. 137hcn the CaIJI(’I; I ]tjo[jio~] is co~n}]lt;t,c,  a video image from
t h e  sclcctcd c a m e r a  i s  SC]JII fJotIJ 1’ r 1’1, 10 JI’IJ aIJ(l  dis])laycd.



_ .— . . . . . . . . .

lJscd TcIcGRIP gra])llit.s
Cc?ss.

r[ )111 I)c])cIJ 1{.obol,i(:s as a separate pro-

Onc operator intcrfac(’ i~~l’r;lsl IUCIUI”C (lJO1 ) was used to control
varic)us robotics systc]]ts i~l[:lllt  I ing J] ‘1, l{cmotc Surface Inspection
laboratory  Rc)botics lh’scarcl ~ 7 1 )01’” arm, .11’1, serpentine nla-
nipulator, ~~lcctrotc(:l]lli(:ll  J,;: I)orat,ory ){ 111 robot ,  Rocky  3  and
ILocky  7 rovers, and hla]s 1:~ I ](l(:r )~l:~l~i]~l~li~l,c)~..

Commands in comnla J 1(I s{:(~~]c] tees il)cludcd sctllp commands, com-
mands to various del’ic[:s, :~11{1 (X) IJIHJ:iII(lS fo]” both simulation and
real arm execution.

inclusion of setup CollJIJJ:ilJ(  l:; ~f :ls I]s[:ful for initialization of systcm

—. — .—.
h’ ““--
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Unificc]  Operator IIlljcrf:l(:(’ L )1 .1 1‘1 ,--I’)’TIJ rclilotc operation
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J IDL-JSC ( ;r{)ss- (.~( )uut,r-y ‘1’clcrobotics

● l-)cmonstratcd Space St[llJitllI ti Icrol]otic illsl)ectioll technologies by
controlli~l.g  JI)L lkmol(.~ SIIIfiI(’(~ II)s])cction lal)oratory system (in
1 ‘asadcma , C a l i f o r n i a )  fro] [] ~l(ll]nsoll Space c~(:l-lier (i~~ ~~o~lsto~l,
Texas)  .

0 Used socket communical io~l o~(:r il]tcrnct for comlnands and data.

● Used Netscape for m]lti]]~]()~ls ilnap,r u])clat(: of }<.S1 lab at J S C .
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ltcmotc Surface 1 ]Is]}ccliolI systlcm opcr:ltjor interface
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robot, and the  robot is

nlodific~i  in a graphical

●  Continuolls conllma~lds {() Ill(s tob[){l arc oll]y O1]C (Iinlcnsional: f o r -
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l’ath gcmcration  can 1)(! (ioII(  i II various ways, e.g., sample the path
of a sinllllatcd robot w]] i(”) 1 is I,clf:()] )cralled ill a graphics cnviron-
n]cnt or concatenate ])a~l] s[’p,] lle~lt,s which :1].c each generated sep-
arately and given cor~si:+il(’l)l “i ] ansitioll con(litions –- path points
cou ld  be attached to ]}11)’}i(’al points ill the c]lvironnlent such as
a])proach l o c a t i o n s  lo 01 )j(w”.f,  s ( )1” i]ls])cctjon  ]I{)ints.

‘J’IIc oricnt,ational (:ot”]-l])(l]l(!t)~  of t,h[: ]mth (:an bc rc])rcscnted i n
various ways, e.g., dr:~w 111{! ]0] )ot gri]~l)cr  atl v:u-ious  locations along
the ])ath, draw an ico~li(: {~] i])])(’r at v;lrious locations along the path
showing the direction a~i(l ~)la II(! of the grip])cr  along the path.

I’hc arnl ~)lanc of a rt:d~~l:l{l;l~lt  ]ol~ot call bc ~-e]) rcscnted as a series
of vectors attached alo]]{t [,IIc ]llotiol~ Sui(lc with direction normal
to the arnl  plane.

q’hc ])ath can be easily :l~){)lliii(’(1 botl] before and while the robot is
nloving along it. A ~()}.)f)i i!; (x))lsirai]]cd to fi)llow the motion guide
so when the motio]] {I;ui(l(’ i:, II I(WC(I  l)y tl]c o~)c].ator, the graphical
robot, and cor]”es]>c)])(li!]{’, I (::11 Iobot,f  n10\7c aloII~ a min ima l  normal
distance to stay on tllc III(ItiOII gui(l(:o

Collision detection :111(1 :iv(li(l:~]lce CaII bc doI]c continuously for the
ent ire  path rather tlJ:tn 01 Il,y f\II tl]c (:urrent  silnulat,cd  or real robot
position.
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O p e r a t o r  conlnlan{li]l}; IIltltioll :llong a IIiotioll  guide
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‘1’i-lsk ‘I,il”lw
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‘J’ask lines arc visua

\

visual icons rcprcscllli]) {~, sl~]l)t:~sks are attached at dificrcnt po ints
on nlotion guides.

‘l’ask lines provide ])ro~r:l  ll~~l~ill~: witl}in the gra])hical environnlent.

A list of icons rcprcscl]till[( ~i]ri[}lls s~lbtasks can bc provided within
the graphical environ ll~ent v’] 1 i(:h tll(: c)pcrator can select and drag
to desired points on 11](! IIlot iol) g~lide.

‘1’he operator will bc al}l[: tf) :fllodif~ the ~)ositions  of the icons On
the nlotion guides as well i]: l]lodify the ~notioll guides.

‘1’he operator will be :]})](I ({.) $~:lc(:t :in icon and then be presented
with a panel which dcscril)vs t,ll~: associatc(] co~nmand  or sub-sequence

then have variations (d’ 1 11{! [’,(!I lcric i(wn sha])cs to rcprcscnt varia-
tions c)f generic colnltlall[l ijyl)~!s.

/—.....——  . ..—-— — ----- . . ..— —
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W e b  Inkrf’atIx! f’{}r ‘.l’dcsciencc  (VVI’IIS)

\

W e b  intc!rface  will ell:l’t ]1[: St-if’) ~tists :~t nurncrous locations to par-
tici]mte daily in lo)~~,--fl~~~”:~{it]ll ]Jlanctary rover missions, e.g. Mars
in 2001.

lhable scientists al, 110111(:  iIBSI i t,utio IJs to vi(:w downlink data and
sub]nit science targel aIICl s(”icl]ce  coImna  Ild requests.

Waypoint selection will I)(’ f’()~” Niission  l’lat]~]er mode, only.

]’ublic v e r s i o n  1.0 av;~il~]l}l(.!  (III ‘\Vch IIOW at,

l]tt~)://rol)c){,  ics.j~)l.]las:].  f),c)\/l  ~iS);S/  sc:irc)\’cl/(J]-Jilltl/\ vits/iI][lcx.llt1131

Will show icons at scic)l(:(~ I :l]{~,ets i(lenlifie(] with scientists which
selected the targets, ;1s MCI] ;Is (:urrc]lt  ~nissio]l ~)ath.

Will acid command p,(:])(:};~~.iol~ ;~nd i)])agc selection panc]s,  mission
~)lan view, cditing of sci(’tk(  (I til~gets  {~nd wa-ypoints,  etc .

Mission ]Jlan view i~n:q:,(’ i’i :1 fircular ovcr}]cad graphic  view of a
])anoranlic s c e n e  wit,l~ ~~’:~,~~l)(}i~~ts :])](1 scicl~cc  targcis overlaycd o n
an elevation or feature ] tl:l] ).

ln~plcn~cllted prinlari]y llsill$~, J :~va la]l~;i~age.

\ ——_ . ___ —.. —____ . ..— — .- . —— ———
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WITS Planetary h! issi( )1] ()] )eratio]]a] Scenario.
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Web Inlorfacx!  for 1 ( Iosckncc  (WI1”S)

IE.zEl [Ri!’!iil [Zi!!i!!
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JP1. Ilovc!  Mission (;ordrcd CXmter

btargets,
cmds r- - . . . . . . . .

—. -----

Datakmw
- . .. -----

Scientists at Jf’L
AR and VF3
(;ontrol  Stations“----”----1—..—. . -. . . . . . . . . . . ..—

~..- . . . ..-.l
~—- . . . . . . . . . . . . . . . . .  —.. —-- . .. ——-.  —.-. --. — .-

Op(!rators rcsiclc  all J1’ I, l{ OV(’I Nfission CoIILrol  {kmtcr or at a n y
location on the! Wor](] \?’ j(] (.l ~~’cb.

WIrJ’S a]ld Al{. ant] Vl{ co III r( )] slat,jo~] operators generate science

targets and scicncc C(:) II II II; II I(IS for targets.

M i s s i o n  ])lanncr’  tak(:s s(’iclicl  I COmIJ-NiI~d rcqu ests and generates

Miss

daily  nliss ion COllll’J”Jall(]  s(v]i Ic:I Icc to rove]”.

on command S(!q II OII(’(l (;in be devclo])cd simultaneously by
and Jl>l, based Sci(’l!{  js(, s a n d  Illissioll  ])]al”]l-l(!r.web

. .
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